Global greenhouse gas concentrations continue to rise even though there are binding international agreements and national commitments for emission reductions. While some states and local governments around the world are taking action to reduce emissions and adapt to the inevitable climate change impacts, overall collective goals are not being realised and this implementation gap may be due to multi-level governance failures. To date there has been limited research of Irish climate measures with a significant gap at the subnational level. This research explores whether city and county councils are the lowest, most effective, level for climate change actions in Ireland through a nationwide survey and a review of all relevant government policies at local, regional and national levels. This research reveals that the local climate measures are isolated best practice examples rather than being widespread throughout the country. This study concludes that there is limited vertical integration among Irish government levels as evidenced by three things: survey responses from local authority staff members, limited incorporation of higher-level objectives into local policy documents, and limited details in national level policies as to local level implementation. Similar to municipalities in other countries, Irish local authorities face challenges which are hindering their advancement of climate measures. If the higher-level collective goals are to be achieved in Ireland, the national government will need to drive forward the climate change agenda with formalised commitments and mandatory local implementation.
Introduction
Despite international agreements to prevent dangerous anthropogenic interference with the climate system, global greenhouse gas concentrations continue to rise and "warming of the climate system is unequivocal" (IPCC 2007, 30) . Both the United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto Protocol have been transposed into European Union (EU) policies as part of an increasing focus on environmental issues (Jordan 2000; CEC 2009 ). Even with these strategic objectives, the greenhouse gas (GHG) emissions for the collective EU-15 still exceed the Kyoto Protocol target. This is not surprising since ten of the EU-15 member states have GHG emissions higher than their negotiated targets (EEA 2009a) . Further, there is a wide range of success and failure by member states when considering the period from 1990 to 2007. The greatest success is Latvia's 55 per cent decrease in emissions, but the least promising result is Turkey's 119 per cent increase in emissions for the same period (EEA 2009a) . With regard to adaptation, most member states have no formal national adaptation policies, and only eleven member states have published strategies. The remaining twenty-one EU member states, including Ireland, have no formalised national adaptation strategy (EEA 2009b) . Overall, climate change is a pressing issue, but current actions are not sufficient to address climate change fully.
A comprehensive approach addressing climate change should extend through all levels of government including actors at the municipal level (Wilbanks 2007; Adger 2005) .
While the state is the key player within the EU administrative framework (Aalberts 2004), there are also expanding roles for sub-national actors. Ideally, integrated vertical policies merge higher-level policy objectives with 'on-the-ground' implementation. The nested hierarchy of government requires that national governments oversee holistic policies, and local governments implement policies within their spatial area (Hooghe and Marks 2003) .
More generally, the scale of policy design and implementation has been an underlying theme in EU policy analyses (MacLeod 1999) and in climate change literature (Sovacool and Brown 2009 ). The subsidiarity principle in the Maastricht Treaty supports actions taken at the lowest, most appropriate, level (Minoia et al. 2009 ). This applies to climate change in that individuals and local businesses take the actions to reduce greenhouse gas emissions.
However, higher-level policy objectives may, or may not, be implemented at the local level (Urwin and Jordan 2008; Wilson 2006) . Therefore, the subsidiarity principle has relevance for policy design and implementation between the supranational EU and nation states; and this principle has relevance for nation states and their sub-national government levels (Collier 1997 ).
The scope in Ireland for vertical integration is limited to central and local government relations because there is no meaningful regional tier of government. In Ireland, the subnational government levels and vertical integration have been affected by EU funding and regulations. Extensive EU funding provided for the creation of a regional tier of government and eight new regional authorities established in 1994 (Philip 1994 ). This regional tier of government is intended to balance a strategic focus with local variations through Regional Strategic Planning Guidelines. While many European countries have meaningful regional tier authorities, this was largely lacking in Ireland (Quinn 2003) . "To date, regional authorities have had relatively little power. With a tiny staff contingent and no budget, their main role has been to monitor the ways in which Structural Funds have been spent" (Boyle 2000:742) .
This contrasts starkly with the potential benefit of regional authorities to provide an expertise base for local authorities. If these meaningful conglomerations are lacking, each local authority potentially needs to have extensive climate change knowledge and expertise (Huang 1997) .
Institutional issues such as funding, staffing, technical expertise, and administrative structures limit local climate measures (Tribbia and Moser 2008) . In practice, converting laudable environmental goals to action is complicated (Betsill and Bulkeley 2006) . Implementation gaps occur when responsibilities are devolved to local authorities without designated resources (Lundqvist and von Borgstede 2008; Betsill and Bulkeley 2004; Lankao 2007) . This may present challenges for Irish local authorities since there is no designated funding to address climate change (Davies 2005) .
National governments have a defining role for local authorities' policies. Central government initiatives jumpstart locally based policies (Aall et al. 2007, Urwin and Jordan 2008 ) and national policies dictate many local authority actions (Bulkeley and Betsill 2003; Naess et al. 2005) . Additionally, local governments sometimes have the political will to advance climate policies, but they lack the financial resources to do so. For example, limited finances hindered adaptations in three sub-national governments in Japan, Germany and Brazil (Puppim de Oliveira 2009). In each of these cases, inadequate financing resulted in a greater focus on mitigation than adaptation. Local authority's capacity to address climate change is questionable; however, some local authorities have taken action even while experiencing these barriers. Local governments are affected by higher-level frameworks (Adger et al. 2005; Betsill and Bulkeley 2004; Cash and Moser 2000) . These higher-level frameworks play out very differently among local authorities in the same nation state.
Adaptation is also limited when local authorities lack a sense of agency and claim they have little responsibility for key areas of mitigation and adaptation policies (Demeritt and Langdon 2004; Wilson 2006a) .
In countries around the world, most local actions are mitigation with a lesser focus on adaptation (Bulkeley and Betsill 2003; Allman et al. 2004; Wilson 2006; Tribbia and Moser 2008) . For example, the Australian government is using local renewable energy schemes in Newcastle as demonstration projects (Betsill and Bulkeley 2006) . Local adaptation measures in place are only assessing options and planning for future actions (Perkins et al. 2007) and are unlikely to advance before tangible impacts occur (Wilbanks 2007 , Shackley and Deanwood 2002 , Amundsen et al. 2010 . Even with these tangible impacts, current policy frameworks limit options that can be adopted (Shackley and Deanwood 2002) . This implementation deficit exists despite supranational agreements and increased available information: transformation from aspirations to implementation is not widespread. In summary, most local authorities are not prepared to deal with current climate vulnerability or increasing vulnerability with anticipated climate change (Allman et al. 2004; Lankao 2007) .
Considering these difficulties, this paper aims to review current sub-national climate measures in Ireland and to highlight best practice examples. Key issues regarding subnational variations in climate policy and the need for vertical integration are explored with a view towards drawing similarities between the Irish example and other international experiences. The authors acknowledge that international context varies for local government autonomy and the aim of this paper is to contribute to the discourse through a case study approach of Ireland. The paper concludes with considerations of wider issues regarding scale of climate policies and the relevance of subsidiarity.
Methodology
This case study includes a survey of city and county local planning offices as well as a document review of all city and county development plans. Town and borough councils were not included in this case study as most planning applications are processed at the city and The local perspectives were compared with formal policies through a document review of all city/county development plans and relevant national policies. The final versions of all policies in effect through July 2010 were used for this study; draft plans were not considered since they are not in force and may be subject to changes before being formally adopted. The city and county development plans were reviewed for measures relating to climate change, based on the following criteria: 1) explicit links with climate change impacts, 2) explicit links with greenhouse gas reductions, or 3) added measures beyond those required by national policies. Survey responses and relevant development plan measures were analysed using SPSS software. Non-parametric correlations were determined by Kendall's tau b (two-tailed tests) to avoid 'ties' in the data given that many local authorities had similar number of proactive measures and presence/absence of a climate change strategy is a categorical value. A p value of <0.05 was considered statistically significant for the analysis.
This analysis was used to assess local governmental innovations throughout Ireland and served as a starting point to assess relative proactive measures.
Results
Although local authorities anticipate that climate change will affect their locality (Table 1Table 1), and some climate change actions have been taken at all levels of government (national, regional and local), these measures have been adopted in an ad hoc manner with some sectors receiving more attention than others. This non-standardised approach has negatively affected Irish preparedness for climate change and is confounded by barriers and limitations at the local level. For both the county and regional climate change strategies, there is a primary focus on energy issues rather than a more holistic approach to both climate mitigation and adaptation.
Energy efficiency measures are the key focus of many local authority climate change actions. Long-term strategic measures are varied in their quantity and type of issues and this was confirmed by survey respondents. Local authorities were asked how strategic issues were addressed in the development plans, insofar as some issues extend beyond the six year development plan renewal period. Results from the responses (two survey participants did not answer this question and they are omitted from this part of the analysis) were coded by sectoral categories and are presented to illustrate the wide range of quantity and types of issues referenced below in Figure 3 . These variations in these responses echo the results from the development plan review in that local approaches are not standardized in Ireland.
Most of the 430+ initiatives included in the 2008
Figure 3 Strategic issues cited by respondents. This graph shows the strategic issues, represented by coloured segments, cited as important by each county. The variety in number and colour of segments illustrates the non-standardised approach to long-term strategic issues at the local level.
All Irish local authorities are required to have regard for the same EU and national guidelines; however, the respondents' lists of higher level policies with synergies for climate change and local development plans varied widely in the specific policies referenced as well as quantity of policies referenced. With regard to quantity of policies referenced, survey respondents (n=27) cited few higher level policies (µ=8.52). Some respondents answering this question included an extensive list [44 policies by R19 and 30 policies by R21] that would have synergies with climate change, while others listed as few as one (R4 and R31) or two (R10, R12, and R14). Table 2 There was more widespread agreement about the scale of policy implementation.
Most respondents set forth responsibility at either the local or central government level Similar to experiences in other countries, most Irish local authorities identify many challenges which may hinder their local climate measures. Each city and county council was asked about difficulties which would affect their efforts to address climate change, both currently and those anticipated in the future (Table 3) . A review of the most commonly cited Therefore, while staffing issues were commonly cited, the analysis suggests that staffing numbers are not a determining factor towards proactive climate measures.
Conclusions
Ireland has not mainstreamed climate change considerations into planning policies and this can be explained in part by the weak links between government tiers and lack of strong drivers from central government. There is no statutory requirement for local authorities to mainstream climate change and no formal climate-related responsibilities designated for regional authorities. Given the lack of statutory requirements and designated responsibilities, best practice examples are unlikely to be adopted on a widespread scale to reduce greenhouse gas emissions or to adopt proactive climate adaptation measures. The progress of local authorities towards preparing their climate change strategies are only the beginnings of climate change actions and there is still a long path to travel. The fragmented sectoral approach to government presents key policy challenges since climate change impacts are cross-sectoral and are best served with integrated approaches. Therefore, in order to expand initial measures, links within authorities (horizontal) and between different government levels (vertical) need to be improved (Koch et al. 2007; Betsill and Bulkeley 2006 
